What is already known about this subject
Introduction
In addition to the health risks of obesity (1) , numerous studies have shown that obesity is associated with reduced health-related quality of life (HRQoL) (2) , affecting physical, psychological and social functioning and well-being (3) . There is growing support for the importance of measuring patient impacts on feeling and function in clinical trials (4, 5) . On a patient level, improved functioning and wellbeing for persons with obesity may correspond to greater ease in their daily lives, such as experiencing increased energy, improved self-esteem, and/or greater mobility. Although weight loss in persons with obesity may improve HRQoL, statistically significant improvements in HRQoL in weight loss trials are not consistently observed (6, 7) .
Liraglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist, is approved for weight management in people with obesity (body mass index [BMI] ≥30 kg m −2 ) or overweight (BMI ≥27 kg m −2 ) with weight-related complications (8, 9) .
The effects of liraglutide 3.0 mg on weight loss and HRQoL at 1 year, in conjunction with a diet and exercise intervention, have been established previously (10, 11) . Participants receiving liraglutide 3.0 mg experienced significantly greater improvements vs. placebo on both an obesity-specific measure of HRQoL (Impact of Weight on Quality of Life-Lite [IWQOL-Lite]) (12, 13) and a general health measure (Short-Form 36 v2 [SF-36]) (14) across all subscales measured (11) . Moreover, more individuals taking liraglutide 3.0 mg experienced clinically meaningful improvements on both these measures (i.e. total IWQOLLite score and Physical Component Summary (PCS) of the SF-36) compared with those on placebo.
To determine the durability of HRQoL improvements, we present 3-year HRQoL data from the SCALE Obesity and Prediabetes trial.
Materials and methods
The design and primary outcomes of the SCALE Obesity and Prediabetes trial have been reported previously (10, 15) . Briefly, the study included participants with prediabetes (16) and either a BMI of ≥30 kg m −2 or a BMI of ≥27 kg m −2 with the weight-related conditions of hypertension or dyslipidaemia. All participants were advised to consume a 500 kcal d −1 deficit diet and engage in physical activity for a minimum of 150 min week −1 . Enrolled participants were randomized to once-daily subcutaneous liraglutide 3.0 mg (n = 1505) or placebo (n = 749) for 160 weeks (10) .
Health-related quality of life measures
HRQoL was assessed using both the IWQOL-Lite and the SF-36 v2 health survey. The 31-item IWQOL-Lite assesses an individual's perception of the impact of weight on quality of life in five domains (physical function, self-esteem, sexual life, public distress and work), as well as a total score (12, 13) . The IWQOL-Lite is an obesity-specific measure and as such is sensitive to both the degree of obesity and changes in weight (17, 18) . Scores range from 0 to 100, with lower scores indicating greater impairment. The 36-item SF-36v2 questionnaire assesses an individual's general health status across eight subscales (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health). Two summary measures -the PCS and the mental component summary (MCS) -are calculated from the eight scales using different weightings (14) . Lower scores represent impaired health status, with a score of 50 being the mean for the US general population. HRQoL was assessed in countries where linguistically verified translations of the IWQOL-Lite and SF-36 were available. This accounted for 14 of the 27 participating countries and~82% of trial participants. HRQoL was assessed at baseline, Week 28 and Week 56, and approximately once every 6 months thereafter until Week 160.
To ensure broad applicability of the results and ease of comparative interpretation with other studies, HRQoL measures were also mapped to two measures of health utility; the Short-Form-6D (SF-6D) and EuroQoL-5D (EQ-5D) (19) (20) (21) . Health utility is measured on an interval scale with zero reflecting states of health equivalent to death and one reflecting perfect health. Using a validated mapping algorithm (22) , scores from the IWQOL-Lite were mapped to the Short-Form-6D (SF-6D). Similarly, SF-36 scores were mapped to the same scale using the appropriate algorithm (20, 21) . Additionally, as a supportive analysis, SF-36 scores were also mapped to the EuroQoL-5D (EQ-5D) (19) . There is currently no algorithm for mapping the IWQOL-Lite to EQ-5D.
Statistical methods
Baseline characteristics were evaluated using descriptive statistics. Differences in absolute changes in HRQoL scores from Week 0 to Week 160 between treatment groups were assessed using analysis of covariance (ANCOVA) with treatment, country, gender, BMI stratification groups (<30, ≥30 kg m −2 ) as fixed factors, and baseline HRQoL scores (at Week 0) as covariates. Health utility scores were analysed using a similar model. This post hoc, exploratory analysis was based on the full analysis set (FAS) of all subjects with prediabetes (all randomized participants exposed to at least one dose of the trial product and with at least one post-baseline weight measurement) from the subset of countries where HRQoL was assessed. Differences between the treatment groups were estimated and presented with two-sided 95% confidence interval (CI) and P-value representing test for no treatment difference. No adjustment for multiple testing has been made.
Missing HRQoL and body weight values at 160 weeks were imputed using last observation carried forward (LOCF).
Meaningful change was defined differently for the IWQOL-Lite and the SF-36 according to published algorithms (23, 24) . Increases of 7.7-12 points on the IWQOLLite total score were considered to signify meaningful improvements, depending on baseline score. Conversely, decreases of 4.4-7.8 points on the IWQOL-Lite total score were considered to be meaningful deteriorations, depending on baseline score. Changes from baseline of >3.8 points on the SF-36 PCS score or >4.6 points on the SF-36 MCS score were considered meaningful. The odds of achieving a meaningful improvement in the HRQoL score were analysed in an ordinal regression using a cumulative logit link. The model included treatment, sex, country and BMI stratification factor as fixed factors and baseline HRQoL score (IWQOL-Lite total score, SF-36 PCS score or SF-36 MCS score, as appropriate) as a covariate. The ordinal oddsratio assumes that the odds of improvement relative to no-change or deterioration is the same as the odds of improvement or no-change relative to deterioration for liraglutide 3.0 mg relative to placebo.
Changes in HRQoL scores were also evaluated by categories of weight change at 160 weeks according to the following categories: weight gain, weight loss 0-4.9%, weight loss 5-9.9%, weight loss 10-14.9% and weight loss ≥15%.
Results

Participant characteristics
A total of 2254 participants were randomized and included in the prediabetes cohort with a planned duration of 3 years; of these 1791 (n = 1203 liraglutide, n = 588 placebo) participants were from countries where HRQoL was assessed. At Week 160, the FAS includes 1175 liraglutide patients (97.7%) and 580 placebo participants (98.6%) with HRQoL data available. Subject demographics and baseline characteristics were balanced between treatment groups (Table 1) . Of the subset of participants who were assessed for HRQoL, 661 on liraglutide (51%) and 249 on placebo (42%) completed 160 weeks of treatment.
Change in body weight over time
Among participants with HRQoL data, a greater proportion of participants lost weight over 3 years in the liraglutide 3.0 mg group than in the placebo group. Participants in the ≥15% weight-loss category included 10.9% of the liraglutide participants (n = 161) and 3.1% of the placebo participants (n = 23). Similarly, greater proportions of participants in the liraglutide group lost 10-14.9% (13.8% [n = 203] vs. 6.8% [n = 50]) or lost 5-9.9% (24.7% [n = 363] vs. 13.7% [n = 101]) of their body weight compared with those receiving placebo. However, in the 0 to <5% weight loss group, the proportions were liraglutide 35.4% (n = 521) and placebo 37.3% (n = 275), respectively. Weight gain over 3 years was evident in 285 participants (38.6%) on placebo and 219 participants (14.9%) receiving liraglutide.
Impact of Weight on Quality of Life-Lite results
At baseline, observed IWQOL-Lite scores were similar between treatment groups (Table 2) , and indicated an overall population assessment of 'moderate impairment' (23) . Over the course of 3 years, observed mean IWQOL-Lite total scores increased initially in both treatment groups and were generally maintained thereafter (Fig. 1a) . At 3 years, a greater change from baseline in IWQOL-Lite score was observed for liraglutide 3.0 mg vs. placebo (Table 2) .
At 3 years, the estimated mean change from baseline in IWQOL-Lite total score and each of its five subscales was statistically significantly greater for liraglutide 3.0 mg compared with placebo. At 3 years, the estimated mean change in the IWQOL-Lite total score from baseline for liraglutide was 11.1, compared with 7.8 for placebo; ETD 3.35 (95% CI 2.04; 4.66), P < 0.0001 (Fig. 2) . A greater proportion of participants in the liraglutide 3.0 mg group (9.1%) achieved a maximum total score on the IWQOL-Lite compared with participants in the placebo group (4.6%). At baseline only 1.2% of liraglutide 3.0 mg group had a maximum score, compared with 0.3% of participants on placebo. The greatest difference between liraglutide 3.0 mg and placebo was in the physical function subscale (ETD 4.5 [95% CI: 2.9, 6.1], P < 0.0001). Significant improvements were also present in the subscales self-esteem, sexual life, public distress and work, with liraglutide 3.0 mg vs. placebo (Fig. 2) .
Using the meaningful change algorithm for the IWQOLLite, the odds of achieving a meaningful improvement for the IWQOL-Lite total score were higher with liraglutide 3.0 mg than with placebo [OR 1.6 (95 %CI: 1.3; 2.0), P < 0.0001] (Fig. 3 ).
Short-Form 36 results
At baseline, SF-36 scores were similar between treatment groups (Table 2 ) which further supported the observation of HRQoL being moderately reduced in the assessed population. In the subsequent 3-year study period, PCS increased in both treatment groups during the first 28 weeks and remained stable thereafter (Fig. 1b) . MCS was largely unchanged from baseline levels throughout the study for both treatment groups (Fig. 1c) . Mean PCS scores increased initially in both treatment groups and were generally maintained for up to 3 years (Fig. 1b) , while MCS scores remained relatively unchanged over the 3-year period (Fig. 1c) .
At 3 years, the observed mean change from baseline (AEstandard deviation [SD]) in PCS score for liraglutide was statistically significantly greater (3.1 AE 7.3), compared with placebo (2.6 AE 7.6) ( Table 2) . A slight decline in MCS scores was noted in both groups at 3 years relative to baseline (Table 2) ; liraglutide −0.46 AE 8.7 and placebo −1.4 AE 9.2. ETDs for PCS and MCS scores were 0.87 ([95% CI: 0.17, 1.58], P = 0.0156) and 0.77 ([95% CI: −0.09, 1.63], P = 0.0778), respectively (Fig. 4) .
The greatest difference between liraglutide 3.0 mg and placebo was found in the physical functioning subscale (ETD 1.47 [95% CI: 0.78, 2.16], P < 0.0001; Fig. 4 ). Significant improvements were also observed in general health, vitality and mental health with liraglutide 3.0 mg vs. placebo. Between-group differences in physical role functioning, bodily pain, social functioning and emotional (Fig. 4) . Using the meaningful change algorithm for the SF-36, the odds of participants achieving meaningful improvement for the PCS score were not significantly different between the treatment groups (Fig. 3) .
Health utility
For health utility scores, the mean IWQOL-Lite-derived SF-6D scores (AESD) for liraglutide 3.0 mg and placebo were 0.75 AE 0.09 and 0.74 AE 0.09 at baseline, and 0.80 AE 0.08 and 0.78 AE 0.09 at 3 years, respectively (Table 3) . At 3 years, the ETD was 0.014 (95% CI: 0.008, 0.021), P < 0.0001.
The corresponding baseline values for SF-6D scores derived from the SF-36 were 0.76 AE 0.11 and 0.75 AE 0.11. Change from baseline to 3 years was 0.02 AE 0.12 for liraglutide 3.0 mg and 0.01 AE 0.12 for placebo. At 3 years the ETD for SF-36-derived SF-6D was 0.014 (95% CI 0.002, 0.025), P = 0.0182. SF-36-derived EQ-5D scores were higher for liraglutide 3.0 mg vs. placebo: estimated difference 0.007 (95% CI: 0.002, 0.013), P = 0.0116 (Table 3) .
Categorical weight loss and health-related quality of life
Changes in HRQoL summary scores by weight loss category are shown in Table 4 . For the IWQOL-Lite total score and PCS there was an association between greater improvement in scores and higher weight loss; however, there was no clear relationship between MCS scores and the percentage of weight lost. An improvement in MCS was only noted in the highest weight loss category (≥15%), and all other categories showed some degree of decline in score.
Discussion
The purpose of these analyses was to examine the durability of improvements in HRQoL, as assessed at 3 years, in participants in the SCALE Obesity and Prediabetes trial (i.e. individuals with obesity, or overweight with comorbidities, and prediabetes). Scores on obesity-specific HRQoL, the physical aspects of general HRQoL, and health utility were improved at 3 years in participants receiving liraglutide 3.0 mg vs. those receiving placebo, plus diet and exercise. Reinforcing data from the 1-year analysis (11), increasing weight loss was associated with greater improvements in both obesity-specific and physical HRQoL, regardless of treatment arm. Improvement in the mental aspects of HRQoL, as assessed by the SF-36, was seen only in individuals whose weight was reduced by at least 15%. Similar to 1-year results, the greatest sustained improvements were observed in the physical aspects of HRQoL (on both instruments), although significant improvements were also found on other subscales of the IWQOL-Lite. While treatment with liraglutide 3.0 mg is associated with significantly higher total IWQOL-Lite scores vs. placebo, the observed mean increase for both treatments fall within n, number of subjects; %, percentages are based on n; missing data are imputed using last observation carried forward; scores are on a scale 0-100 whereby 0 = worst and 100 = best. HRQoL, health-related quality of life; IWQOL-Lite, Impact of Weight on Quality of Life-Lite; MCS, mental component summary; PCS, physical component summary; SF-36, Short-Form 36 v2.
the established interval for meaningful improvements, suggesting that weight loss from diet and exercise can lead to meaningful improvements in HRQoL. The data showed little effect of liraglutide 3.0 mg as compared with placebo on the mental component of the SF-36. These findings are in line with data from other studies, which have shown muted effects of weight loss on mental HRQoL, but consistent positive effects on physical HRQoL. A recent systematic review of the impact of weight change on quality of life in adults with overweight/ obesity in the United States reported that improvements in physical HRQoL were more commonly statistically significant than improvements in mental HRQoL (25) .
The BMI threshold at which weight loss-associated mean changes in mental HRQoL scores are evident from baseline to 3 years may be higher than in our investigation. Warkentin et al. showed that HRQoL instruments were relatively insensitive to weight loss in a population of patients with a higher mean BMI than in the present study (48 kg m −2 ). In these patients, weight loss of at least 20% was required to achieve clinically important improvements in HRQoL (26) . The same group conducted a meta-analysis of weight loss trials, and found that weight loss improved HRQoL in physical domains, but less so in mental health domains (6 Figure 2 IWQOL-Lite ETD for total and subscale scores at 3 years. Change in score is the estimated mean change from baseline to Week 160; ETD, ; right panel shows estimated treatment difference AE 95% confidence intervals; missing data are imputed using last observation carried forward. The data are analysed using analysis of covariance (ANCOVA) with treatment, country, gender, BMI stratification groups (<30, ≥30 kg m the benefits of liraglutide 3.0 mg could be assigned to the drug itself, or to the effect of the weight loss a person may achieve while taking liraglutide 3.0 mg. The analysis indicated that weight loss has a positive impact on a number of cardiometabolic risk factors, including high blood pressure and cholesterol; and that liraglutide 3.0 mg had independent effects on glycaemic control among other endpoints (27). Weight loss, therefore, was a significant contributor to overall treatment effect. However, we cannot exclude the possibility that differences between physical and mental subscales and summary scores over time are affected either in part, or fully, by subject withdrawal patterns.
Results of health utility mapping provided additional support for differences between liraglutide 3.0 mg vs. placebo at 3 years. Although the values obtained appear numerically small, they are in line with estimates of minimally important differences (MIDs) in EQ-5D and SF-6D in stroke (MID estimates for EQ-5D range from 0.08 to 0.12 and those for SF-6D range from 0.04 to 0.14 in stroke patients) (28) .
When SF-36 subscales are examined, it is evident that there were no changes in bodily pain from Weeks 0 to 162 in either the liraglutide 3.0 mg or placebo groups, but physical functioning did improve in both groups.
The strengths of our study are as follows: a doubleblinded, randomized placebo-controlled trial design with a large population conducted over 3 years, inclusion of both a general health survey measure and an obesity-specific questionnaire, and mapping results to health utility scales. However, our study has some limitations that need to be considered. Because the SCALE Obesity and Prediabetes trial was not designed with HRQoL as the primary endpoint of study, the HRQoL endpoints described in this report are exploratory only. Additionally, the patient population was also affected by a meaningful dropout rate over 3 years of approximately 50%. Nevertheless, our data add to the growing body of evidence that links weight loss in obesity with improved HRQoL. This provides physicians with confidence to coach patients on the benefits of weight loss in terms of their daily life and physical function, and may assist in managing the expectations of those who may need to lose relatively little weight (e.g. 5-10%). However, more data are needed in large patient populations; therefore, in clinical trials of weight loss in obesity, we hope to see inclusion of both disease-specific and general HRQoL instruments as a matter of course.
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